Curcuma candida is a conservation-vulnerable species, rare and endemic to the Tenasserim Range (Thio Khao Tanaosri). This species was initially classified into the genus Kaempferia, based on morphology of specimen from Myanmar, and was given the name K. candida in 1830, but the first specimen from Thailand was only discovered in 2000. With the addition of molecular evidence, the species was transferred to Curcuma. The aim of the present study was therefore to find cytogenetic identity of C. candida, by investigating mitotic and meiotic divisions of five accessions obtained from the border districts of Thailand and Myanmar, in comparison with previous cytogenetic records of Curcuma and Kaempferia. The results show that C. candida is diploid with 2n = 42 and there is no variation among accessions. All accessions showed meiotic figure representing 21 bivalents during microsporogenesis, indicating the secondary base number x = 21. These chromosomal characteristics are closely similar to those found in diploid Curcuma species. The present paper also includes field observation and description of the plant phenology. The work has underlined an urgent need to protect this species in nature. During the sample collection trips we witnessed an excessive collection of edible flowers for local consumption.
INTRODUCTION
The ginger family or Zingiberaceae comprises over 1,500 species of 53 genera worldwide. Geographically, Thailand is part of the Indochinese region that harbours the highest ginger genetic resources (Larsen & Larsen, 2006; Leong-Škorničková & Newman, 2015) . A large number of Thai Zingiberaceous taxa are known as edible, ornamental or medicinal plants, from which commercial products beneficial to human can be developed. Several of these species are rare and endemic to Thailand (Saensouk, 2011) . The present paper involves two ginger genera: Curcuma L. and Kaempferia L.
The genus Curcuma comprises about 80 accepted species distributed mainly in tropical Asia (Maknoi 2006; Leong-Škorničková et al., 2007) . Thirty-eight species are found in Thailand including eight endemic species (Maknoi, 2006) . The genus is recognized for its economic value, a widely known example being turmeric, C. longa L., used as spice, Kaempferia species have been recorded (Sirirugsa, 1989 (Sirirugsa, , 1992 Saensouk & Jenjittikul, 2001; Nopporncharoenkul et al., 2017 and references there in) . Several rare and endemic species have been assigned a threatened conservation status. Kaempferia is also an economically important genus. The best-known example is K. galanga L., commonly known as kencur or aromatic ginger -it is one of the most popular, aromatic medicinal plants used in the tropics and subtropics of Asia (Bakkali et al., 2007) . Other Kaempferia species are cultivated in Thailand for use as medicinal plants, such as the Thai black ginger (K. parviflora Wall. ex Baker), which has been shown to have several pharmacological effects including anti-fungal/microbial and anti-cancer properties (Sookkongwaree et al., 2006; Saokaew et al., 2017; Paramee et al., 2018) . Rhizome extracts from K. marginata Carey ex Roscoe (peacock ginger) have been shown to have an anti-inflammatory and wound-healing effects (Kaewkroek et al., 2013; Muthachan & Tewtrakul, 2019) . Species such as K. roscoeana Wall., K. marginata Carey ex Roscoe, K. elegans (Wall.) Baker and K. pulchra Ridl. are also edible or ornamental plants (Chuakul & Boonpleng, 2003; Picheansoonthon & Koonterm, 2008) .
Curcuma candida (Wall.) Techapr. & Škorničk., the species under study, is a rare and endemic species of Myanmar and Thailand. It has a limited distribution within the Tenasserim Range (Thio Khao Tanaosri) bordering the two counties. The conservation status of C. candida has been assigned as vulnerable . This species produces substantial and attractive inflorescences, which are traditionally used as a vegetable eaten with native food, as well as having the potential to be developed as an ornamental or medicinal plant (Jenjittikul & Larsen, 2000; Picheansoonthon & Koonterm, 2008) . Taxonomically, this species was initially classified into the genus Kaempferia, based on morphology of specimen from Myanmar, and was given the name K. candida by Wallich (1830) . In 2000, the species was discovered in Thailand for the first time, in Kanchanaburi province, which in its west borders Mon State and Tanintharyi Region of Myanmar (Jenjittikul & Larsen, 2000) .
Further investigations did not support the placement of this species in Kaempferia. Based on nucleotide sequence polymorphisms of psbA-trnH and partial petA-psbJ spacers in chloroplast DNA, all Kaempferia species were phylogenetically clustered as a monophyletic genus, except for K. candida which was found to be separated from the Kaempferia clade (Techaprasan et al., 2010) . On the other hand, the phylogeny of Curcuma grouped K. candida within the Curcuma cluster. Consequently, the species was formally transferred to Curcuma (Techaprasan & Leong-Škorničková, 2011) . The taxonomic status of C. candida was further elaborated, based on botanical and molecular analyses (Záveská et al., 2012 (Záveská et al., , 2016 .
Cytogenetic characters, including chromosome numbers (2n), base chromosome number (x), ploidy level, as well as karyomorphological information and genome size measurements, either together or separately, are effective classification criteria in the same manner as the morphological characters. Cytogenetic analysis has been extensively applied in the taxonomic classification and identification of numerous Zingiberaceous plants (Joseph, 2010) .
The genus Curcuma contains chromosome numbers spanning the full range of the family Zingiberaceae, from 2n = 20 to 105 (references here below), but are characterized by chromosomes of particularly small sizes, usually less than 2 µm. A large number of Curcuma species (at least 25 species) have the chromosome number 2n = 42 (base number x = 21, see Discussion), several (ca 12) species have 2n = 63, and other numbers such as 20, 24, 32, 34, 84 and 105 have also been reported (Ramachandran, 1969; Apavatjrut et al., 1996; Eksomtramage et al., 2002; Sirisawad et al., 2003; Saensouk & Saensouk, 2004; Leong-Škorničková et al., 2007; Soontornchainaksaeng & Jenjittikul, 2010; Chen et al., 2013; Puangpairote et al., 2016) . Moreover, different cytotypes are also found within species: for example, C. comosa (2n = 42, 63), C. latifolia Roscoe (2n = 63, 84) and C. zeodaria (Christm.) Roscoe (2n = 64, 105) (Rice et al., 2015; Puangpairote et al., 2016) . Chromosome numbers of Kaempferia have also been reported. Most Kaempferia species are diploid having 2n = 22 (base number x = 11), whereas other ploidy levels exist within the genus, such as 2n = 33 (triploid), 44 (tetraploid) and 55 (pentaploid) (Raghavan & Venkatasubban, 1943; Chakravorti, 1948; Ramachandran, 1969; Mahanty, 1970; Eksomtramage & Boontum, 1995; Eksomtramage et al., 1996; Saensouk & Jenjittikul, 2001; Eksomtramage et al., 2002; Saensouk & Saensouk, 2004; Nopporncharoenkul et al., 2017.) Ploidy level variation within species is also common in Kaempferia: for example, K. angustifolia Roscoe (2n = 22 and 33); K. elegans (2n = 22, 33 and 44); and K. galanga (2n = 22, 44 and 55) (Nopporncharoenkul et al., 2017) .
The chromosome number records cited above clearly indicate that the genomes of Curcuma and Kaempferia are different: while the most common number in diploid Curcuma is 2n = 42 (x = 21), the diploid number in Kaempferia is 2n = 22 (x = 11). For the species of the present study (C. candida), the only chromosome record existed is this Kaempferia's 2n = 22 (Rice et al., 2015) . To the best of our knowledge, no other cytogenetic information on C. candida was available to date. Therefore, in the present study we determined the somatic chromosome number of C. candida from samples collected in natural locations in Thailand and Myanmar, with an aim to find out if based on chromosome number would C. candida conform correctly to the genus Curcuma or not. In addition, we examined meiosis in flower buds of C. candida in order to confirm the somatic number and to evaluate the sexual viability of the species based on chromosome pairing behaviour at meiosis.
MATERIALS AND METHODS

Field study and sample collection
Field studies were conducted during the period from April 2013 to May 2017 in three locations within two Thai provinces near the border between Thailand and Myanmar, the area that covers most of the distribution of C. candida: Kanchanaburi and Tak ( Figure 1 ; Table 1 ). Sangkhla Buri and Thong Pha Phum districts were the two collection sites of C. candida in Kanchanaburi, the western province of Thailand not far from the type locality described in Wallich (1830) . Mae Sot district in Tak province was the other locality where C. candida was collected in Thailand. From each accession (natural study site), five individual plants with rhizomes and at least twenty young flower buds (inflorescences) were collected for somatic and meiotic chromosome analyses. In addition, harvested young inflorescences for meiotic study were obtained from local markets: in Dan Singkhon Myanmar border market near the minor cross-border points in Prachuap Khiri Khan province (the accession originally collected from Tanintharyi Division of Myanmar) and in Thong Pha Phum local market in Kanchanaburi province ( Figure 1 , Table 1 ). Samples for mitotic chromosome analysis were collected from living plants, which were grown from rhizomes originally collected from natural habitats and maintained as living collection at Department of Plant Science, Mahidol University, Phayathai Campus, Bangkok. All plant specimens were identified based on morphological characters according to the taxonomic description by Jenjittikul & Larsen (2000) , in comparison with their respective herbarium specimens that were kept at Bangkok Herbarium (BK), Forest Herbarium (BKF), Queen Sirikit Botanic Garden Herbarium (QBG) and Suan Luang Rama IX Herbarium. Voucher specimens: NNSB327, 528, 147, 323 and 153 (NN = Nattapon Nopporncharoenkul) were deposited at Suan Luang Rama IX Herbarium, Suan Luang, Bangkok.
Somatic chromosome investigation
The chromosome number (2n) was determined from mitotic metaphase chromosomes prepared using the Feulgen squash method described in Soontornchainaksaeng & Jenjittikul (2010) , with modifications regarding the ice-water pre-treatment (Anamthawat-Jónsson & Sigurdsson, 1998) . Five to twenty actively growing root tips from each plant, and five individual plants from each accession, were collected from newly germinating rhizomes. They were immediately pre-treated in ice-water at 4°C for 25 h, after which the root tip samples were fixed and stored in acetic alcohol (3:1v/v of absolute ethanol and glacial acetic acid) at 4°C until use. To macerate the cell wall, the fixed samples were washed in distilled water, followed by hydrolysing in 1 N hydrochloric acid (HCl) at 60°C for 10 min. Then, each hydrolysed root tip was placed on an acidcleaned microscopic slide and squashed in 2% w/v of aceto-orcein stain. Chromosome number of each plant was determined from images of at least 20 metaphase cells taken at 1000× magnification using an Olympus DP50 digital camera operated with Olympus BX50 light microscope.
Meiotic configuration study
Preparation of meiotic metaphase chromosomes from microsporocytes was performed using the aceto-carmine smear technique described in Nopporncharoenkul et al. (2017) . Samples of at least twenty young flower buds from each accession were collected in the field and from local markets. They were immediately fixed in the Carnoy's solution (6:3:1 v/v of absolute ethanol, chloroform and glacial acetic acid) for 48 h before transferring to 70% ethanol for storage at 4°C until use. To prepare meiotic chromosomes, fixed flower buds were briefly washed in distilled water. Individual anthers were then separated under a stereo microscope and placed onto microscopic slide. An anther was stained with 2% w/v of aceto-carmine and gently smeared. Meiotic figures were determined from the pattern of homologous chromosome pairing from late prophase to metaphase stages of the first meiotic division in microsporogenesis at 1000× magnification, using the same microscope and digital camera as in the mitotic study. For each accession, images were captured from at least 50 cells. Identification of meiotic configurations followed Sharma & Sharma (1980) .
RESULTS
Curcuma candida and its phenology
Curcuma candida is a perennial herb with 70-90 cm tall in the wild and produces the largest white-yellow flower in the genus Curcuma (Fig. 2) . It usually grows in deciduous forest with bamboos at moderately high elevations and at foothills along the roadsides to the hills where forest fires annually occur in March to early April. During our visits to the collection sites, numerous inflorescences with white flowers emerged directly from rhizomes every April, well before leafy shoots appearing ( Fig.  2A-C) . Much to our surprise, fresh inflorescences from the Burmese accession were sold in the Myanmar-Thailand border markets in late February, indicating that C. candida in Myanmar flowered earlier than the Thai plants and this may have been due to an earlier rainy season and high precipitation on the Myanmar side of the Tenasserim Range that forms an effective geographical barrier between Thailand and Myanmar. Mature fruits and viable seeds of the Thai accessions were observed around May, when the leafy shoots were expanding ( Fig.  2D-G) . Rapid growth of leaves and pseudostems occurred in May at the beginning of the rainy season, continued until late October and died off around November, as rhizomes went into dormancy. Unlike a large number of Curcuma species, C. candida cannot continually propagate asexually by its rhizomes. Sexual reproduction, with seed dispersal, is the main mechanism for generating progeny.
For traditional use, inflorescences are extensively collected from its natural habitats and sold by local people in Myanmar-Thailand border markets and along roadsides in provinces of Kanchanaburi (Thong Pha Phum and Sangkhla Buri districts), Tak (Mae Sot and Tha Song Yang districts) and Prachuap Khiri Khan (Fig. 2H-I) . Young inflorescences are eaten as a fresh vegetable, or cooked, and the tuberous roots are boiled and also eaten. Such an extensive harvest of the flowers can severely hamper population expansion by sexual reproduction, which is the main mechanism of propagation of C. candida.
Cytogenetic characters, mitotic and meiotic
The somatic chromosome number 2n = 42 was the only number shown by C. candida, from all three collection sites in Kanchanaburi and Tak provinces ( Table 1 , examples in Fig. 3A-B ). Regular meiotic figure consisting of 21 bivalents (21-II) at the first metaphase of microsporogenesis was found in all samples (Table 1) , with examples shown in Fig.  3C -D. This type of meiotic figure indicated x = 21 as base chromosome number of this species. According to these cytogenetic results, C. candida is a diploid Curcuma species with 2n = 2x = 42.
DISCUSSION
The current study is the first to report the somatic chromosome number of 2n = 42 for Curcuma candida. In addition, the results of this report are based on samples from different locations, from at least five individual plants each, therefore the study covers a variation that may exist within the species' distribution in the region. On the Thailand side of the Tenasserim Range, the somatic number 2n = 42 and the meiotic figure comprising 21 bivalents (type 21-II) were obtained from all three locations (four accessions). But from the Myanmar location, we could only find flower samples for meiotic study from the border market; no rhizomes were available for mitotic study. Nevertheless, the normal 21-II meiotic figure of the Myanmar accession indicates that the somatic number is also 2n = 42. The overall results show conclusively that there is no variation in chromosome number of this species and no variation in the chromosome pairing at meiosis either. This somatic chromosome number is exactly the same as that obtained from Thai diploid species of Curcuma (e.g. Soontornchainaksaeng & Jenjittikul, 2010; Puangpairote et al., 2016) and from other regions (Ramachandran, 1969; Leong-Škorničková et al., 2007; Chen et al., 2013) .
Chromosome numbers of Kaempferia are, on the other hand, in the multiples of 11 (base number x = 11), i.e. from diploid number 2n = 22 to pentaploid number 2n = 55 (e.g. Nopporncharoenkul et al., 2017). Therefore, the only previous record of 2n = 22 for the species under study (as Kaempferia candida in the record) provided by the CCBD Chromosome Counts Database (Rice et al., 2015) has become questionable. The Data Source of this chromosome number record is Flora of China (eFloras, 2019), whereby the primary location of this species is stated as being the mountainous area of SW Yunnan. Perhaps, this Chinese species with 2n = 22 is different from Curcuma candida in the present study.
The result of meiotic investigation supports the use of "secondary" base number x = 21 for Curcuma. During the first meiotic metaphase in microsporocytes, chromosomes of C. candida paired completely with their homologs, forming 21 bivalents (meiotic figure type 21-II regular synapsis). The result is in full agreement with that found in sexually reproducing diploid Curcuma taxa with 2n = 2x = 42 (Puangpairote et al., 2016) . Evidence from meiotic pairing in triploid Curcuma also supports x = 21. Numerous triploid accessions of C. comosa with 2n = 3x = 63 showed complete formation of 21 trivalents, indicating autotriploidy (Puangpairote et al., 2016) , leading to severe reduction of plant sexual fertility.
A high percentage of trivalent associations were also found in (sexually sterile) turmeric (C. longa) with 2n = 3x = 63 (Ramachandran, 1961) . Inferring from these patterns of meiotic pairing behaviour, the base number for Curcuma should be x = 21, the same as its haploid number n = 21. On the other hand, other triploid Curcuma taxa showed irregular meiotic pairing indicating allopolyploidy (Puangpairote et al., 2016) , presumably resulting from interspecific hybridization. Furthermore, our molecular cytogenetic mapping of the ribosomal genes has indicated hybrid origin of some diploid accessions of C. comosa (Soontornchainaksaeng & Anamthawat-Jónsson, 2011) , meaning that "primary" or "ancestral" base numbers exist in the genus. To understand chromosomal variability, and to infer phylogenetic relationship among closely related plant species from chromosome data, it is a common practice to distinguish the different base numbers of an evolutionary route as primary, secondary and so on (Stebbins, 1971; Guerra, 2008) . Different base chromosome numbers of Curcuma have been reported. Based on direct chromosome counting, the base chromosome number of x = 16 was reported by Sharma & Bhattacharya (1959) , whereas Sato (1960) suggested that it could be x = 7 and 8. Leong-Škorničková et al. (2007) proposed, based on genome size data, that x = 7 should be considered a "primary" base chromosome number in Curcuma. In contrast, x = 21 has been deduced in the present study and other studies of mitosis and meiosis (as stated above), at least for taxa in certain subgenera. Since we are working on cytogenetics of this genus, mostly on the subgenus Curcuma, we prefer using x = 21 to represent the (secondary) base number for Curcuma, until more in-depth investigations, especially using genome-based phylogeny analysis, can reveal clear patterns of chromosome evolution in this diverse genus of Zingiberaceae.
Curcuma candida produces numerous viable seeds in its natural habitat (Fig. 2G ). This species is therefore a sexually reproducing, wild diploid species (2n = 2x = 42). The result of the meiotic investigation shows regular bivalent pairing of homologous chromosomes, meaning that meiosis can proceed normally, and subsequent pollen production will be normal, and the plants are able to produce seeds. Thus, biologically, C. candida has sufficient fertility to be able to distribute and form a large population. But, in reality, the species has little chance of expanding by means of sexual reproduction. Early in the flowering season the flowers are collected and removed from natural habitats for consumption and ethno-medicinal usage by local people, hence the flowers are not available for fruit and seed production. Consequently, it is likely that the natural seed supply is drastically reduced which puts this plant at risk on its extinction. The species is only safe in the more remote area, where it is less accessible. However, as its best habitats are limited to deciduous forests usually with bamboos, they are seriously diminished by the agricultural expansion. These, and other factors, are contributing to a rapid decline of the species. During field studies from April 2013 to May 2017, we found that some ecological niches of C. candida were changed to agricultural fields and some populations had disappeared, and many locals had introduced this plant to cultivate domestically.
The present paper therefore serves as a wakeup call for conservation of C. candida. Cytogenetic results, especially those regarding ploidy determination and evaluation of sexual fertility via meiosis, are useful for both in situ and ex situ conservation strategies, as well as for a sustainable utilization in the near future. Therefore, relevant authorities should be proactive in both direct and indirect conservation projects, such as providing knowledge to, or tutoring, local people on how to conserve this plant as well as how to use it sustainably. This will help to create awareness on conservation, set up a sustainable exploitation system with accurate information on botanical principles, and also be practical for environmental policy and the sustainable management of natural resources. Consequently, this plant may then be harvested in a sustainable manner such as leaving some to set seeds for sexual propagation of the species and also to retain the genetic variability of the species in the long run.
